Although there is some evidence of an association between loss of a sibling in adulthood and subsequent mortality, there have been no previous studies in which investigators have examined whether the death of a sibling in childhood is associated with adult mortality using total population data. Data on a national cohort born in Sweden in 1973-1982 (n = 717,723) were prospectively collected from the Cause of Death Register until 2013 (i.e., from the ages of 18 years to 31-40 years). Cox proportional hazards models were used to analyze the association between sibling loss during childhood and death in young adulthood. After adjustment for sociodemographic confounders and parental psychosocial covariates, the hazard ratio for all-cause mortality in bereaved siblings versus nonbereaved siblings was 1.39 (95% confidence interval: 1.14, 1.69). Risks were more pronounced for those who lost a noninfant sibling (i.e., >1 year of age) (hazard ratio = 1.53, 95% confidence interval: 1.18, 1.95) and those who lost a sibling in adolescence (i.e., between the ages of 12 and 18 years) (hazard ratio = 1.71, 95% confidence interval: 1.24, 2.35). Excess mortality risk was found for concordant causes of death (i.e., siblings dying from the same causes) but not for discordant causes.
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Although there is some evidence of an association between loss of a sibling in adulthood and subsequent mortality, there have been no previous studies in which investigators have examined whether the death of a sibling in childhood is associated with adult mortality using total population data. Data on a national cohort born in Sweden in [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] (n = 717,723) were prospectively collected from the Cause of Death Register until 2013 (i.e., from the ages of 18 years to 31-40 years). Cox proportional hazards models were used to analyze the association between sibling loss during childhood and death in young adulthood. After adjustment for sociodemographic confounders and parental psychosocial covariates, the hazard ratio for all-cause mortality in bereaved siblings versus nonbereaved siblings was 1.39 (95% confidence interval: 1.14, 1.69). Risks were more pronounced for those who lost a noninfant sibling (i.e., >1 year of age) (hazard ratio = 1.53, 95% confidence interval: 1.18, 1.95) and those who lost a sibling in adolescence (i.e., between the ages of 12 and 18 years) (hazard ratio = 1.71, 95% confidence interval: 1.24, 2.35). Excess mortality risk was found for concordant causes of death (i.e., siblings dying from the same causes) but not for discordant causes. bereavement; grief; mortality; register; sibling; stress; Sweden Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
In previous studies, investigators found that the loss of a family member is detrimental to the health of survivors. The loss of a spouse, parent, or child is associated with a higher mortality risk among bereaved family members (1) (2) (3) (4) (5) . Nevertheless, sibling loss has received scant attention in the bereavement literature (6) (7) (8) , even though the social relationship between siblings represents one of the most important and intimate relationships people maintain during childhood and adolescence. Losing a sibling in childhood may be considered a highly unexpected and traumatic event, and the level of grief could be comparable to that of losing a parent (9) (10) (11) . Also, it could be considered an adverse childhood experience and thereby relate to research on health consequences of other types of adverse events in childhood, such as severe parental psychiatric problems, parental substance abuse, sexual abuse, time spent in foster care, parental divorce, and lone parenthood (12) (13) (14) (15) (16) . Previous small-scale studies have found that the loss of a sibling in childhood is associated with behavioral problems, emotional disturbances, depression, sleeping difficulties, and somatic symptoms, such as abdominal pain, stomachaches, headaches, asthma, convulsive states, and ulcerative colitis (9, 17, 18) . In some recent analyses, researchers have found that losing a sibling as an adult is strongly associated not only with an increased risk of all-cause mortality in surviving siblings (6) but also with death from specific causes, such as suicide (19) , stroke (20) , and myocardial infarction (21) . However, to our knowledge, there has been only one previous study of whether the loss of a sibling in childhood exerts an influence on adult mortality risk. In that study, which was based on the British 1958 birth cohort, Davey Smith et al. (22) found that there was no reliable evidence that the death of a sibling during childhood was independently associated with mortality risk in later life. Overall, bereaved siblings have been rather neglected in the literature (6, 8) , and in-depth findings on sibling death during childhood and its consequences for outcomes in adulthood are especially scarce (8) . Our aim was to fill a gap in the literature on health consequences of bereavement, which has so far primarily been focused on the death of a family member in adulthood or parental loss in childhood.
Bereavement has been suggested to adversely affect health through acute psychophysiological stress mechanisms, which have been observed to follow episodes of intense psychogenic shock (also known as the broken heart syndrome) (23, 24) . Chronic stressors after bereavement could also lead to pathophysiological changes in stress reactivity (involving the sympathetic nervous system, the hypothalamic-pituitary-adrenal axis, and the immune system) with consequences for disease and mortality among the bereaved (4, 24) . Longer-term mechanisms involve unhealthy behavioral coping responses, such as smoking, increased alcohol consumption, and poor diet and exercise habits (2, 4) . Lingering grief may also contribute to poor mental health, depression, onset of psychiatric disease, and posttraumatic stress, which may increase the risk of suicide and accidents due to reckless behaviors (2, 3) . Yet, although longer-term mechanisms are more plausible explanations for consequences of sibling loss in childhood on subsequent mortality in young adulthood, shorter-term psychophysiological mechanisms, such as acute stress, seem less plausible.
A threat to causal inference when studying mortality after sibling loss is the possibility that there is a common cause of the deaths or ill health of siblings. For example, if someone dies of a chronic disease with a strong genetic component (e.g., cystic fibrosis) and a sibling subsequently dies, this may be a marker of genetic or biological similarity. Another possibility is that the death of both siblings originates from factors related to shared childhood environmental and living conditions (e.g., material disadvantage, psychosocial adversity, etc.). Ways to get closer to true causal inference include examining deaths due to specific causes among pairs of siblings (6) and/or to adjusting for family-related risk factors shared by siblings.
We sought to exploit the possibilities offered by Swedish register data by using information from a large national cohort of young adults. The detailed data used allowed us to adjust for several parental psychosocial covariates shared by siblings in childhood that may reduce the risk of confounding. We studied the influence of sibling loss during childhood on mortality in young adulthood, focusing in particular on differences across different developmental phases of childhood and potential differences by sex.
METHODS
The present study is a national cohort study based on information from Swedish registers. These registers are based on the unique personal identity numbers assigned to all Swedish residents at birth (or at time of immigration) and contain data with high validity and low attrition rates (25, 26) . In data sets available to researchers, the personal identity numbers are replaced by random reference numbers, and all data are analyzed anonymously. This study was approved by the ethics committee in the Stockholm region in 2014 (no. 2014/415-31/5).
The study population included all individuals born during 1973-1982 according to the Medical Birth Register who had at least 1 full sibling and who were alive and residing in Sweden during the year of their 18th birthday. In total, the study population consisted of 717,723 individuals (index persons) with links to their parents and full siblings (identified through the Multi-Generation Register). These individuals were followed prospectively in the Cause of Death Register until 2013, that is, from ages 18 years to 31-40 years. Individuals who lost a parent before the age of 18 years were excluded from analyses.
Sibling death during childhood
Information on a sibling's time and cause of death was retrieved from the Cause of Death Register. Sibling death was defined as the death of a live-born sibling before the index person's 18th birthday; stillborn siblings were excluded. We categorized deaths as caused by natural causes (i.e., deaths caused by diseases) or external causes (i.e., deaths caused by accidents, homicide, or suicides) according to the International Classification of Diseases (eighth, ninth, and tenth revisions). We additionally examined more specific causes of deaths and categorized infant sibling deaths as deaths caused by sudden infant death syndrome, congenital malformations, immaturity, and other causes and noninfant sibling deaths as deaths caused by suicides, other external factors, cancer, cardiovascular diseases (CVD), and other diseases.
Mortality in young adulthood
Times and causes of death for the index persons were retrieved from the Cause of Death Register. These deaths were also categorized as deaths caused by either natural or external causes. In a similar manner to that we used for noninfant sibling deaths, we further categorized natural deaths as those from cancer, CVD, and other diseases and deaths caused by external causes as those from suicides and other external factors.
Sociodemographic and parental psychosocial covariates
Information on sex, year of birth, geographic residency when the index person was 18 years old (categorized as city, town, or rural), and parental country of birth (categorized as Sweden, European, Non-European, or mixed (i.e., 1 parent born in Europe and the other born outside Europe)) was retrieved from the Total Population Register. Information from the Educational Register was used to categorize parent's highest educational level as compulsory school, secondary school, or university based on the parent with the highest level of education (information from the year of the child's 17th birthday). We also adjusted for number of siblings within the family, birth order of siblings, and whether the parents still lived together when the index child was 17 years old.
Parental psychosocial covariates (categorized as yes or no) were constructed separately for mothers and fathers and were defined as at least 1 recorded case when the child was aged 0-18 years. Parental psychiatric disorder was defined as having a hospitalization with a diagnosis indicating psychiatric disorders and/or self-inflicted injuries according to the National Patient Discharge Register. Parental substance abuse was defined using data on hospital admissions with an International Classification of Diseases code indicating alcohol or illicit drug use. Parental severe criminality was defined as a parent having been convicted of a crime that resulted in a sentence of probation, prison, or psychiatric care according to the Register of Court Convictions. An indicator of whether or not the household had received social welfare (i.e., if the household had obtained economic assistance of any amount) was retrieved for the year of the child's 17th birthday.
Statistical analyses
Cox proportional hazards models were used to estimate hazard ratios and corresponding 95% confidence intervals for all-cause mortality and mortality from external and natural causes for individuals experienced the death of a sibling during childhood. The reference group consisted of individuals with at least 1 full sibling who did not experience the death of a sibling before the age of 18 years. Person-time of follow-up was accumulated from the individual's 18th birthday until the date of death according to the National Cause of Death Register or end of follow-up in December 2013.
In the multivariate regressions, model 1 was adjusted for year of birth and sex; model 2 was additionally adjusted for geographic residency, parental country of birth, parents' highest educational level, number of siblings, birth order, and whether the parents still lived together when the child was 17 years old. In model 3, we also adjusted for parental psychiatric disorder, substance abuse, severe criminality, and receipt of social welfare. In addition to the analyses of the overall association between sibling death during childhood and adult mortality, we investigated 2 other sets of exposures in the Cox regression models: the age of the index person when the sibling died (in 3 categories: 0-5 years, 6-11 years, and 12-17 years) and the sibling's age at time of death (in 2 categories: infant deaths and noninfant deaths). We compared analyses performed for external causes of death with those for natural causes of death in both the index person and the deceased sibling. We also analyzed more specific causes of death in index persons and the deceased, although these analyses suffered from low statistical power and were therefore not presented in the tables. Initially, all associations were investigated in men and women separately, but because similar results were seen for men and women, the results are presented for all individuals combined. All analyses were conducted using SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Characteristics of the study population are given in Table 1 . In the study population, 4,276 men and 3,849 women experienced the death of a sibling during childhood, representing 1.1% of the population. Infant deaths (0-1 years of age) comprised almost half (49%) of all sibling deaths. Mean age at the time of death among noninfant siblings was 14.7 years (results not shown). Almost half of the index persons (45%) were older than the deceased sibling. Overall, the majority of sibling deaths were deaths from natural causes (74%), especially for infant deaths, of which only 2.4% were deaths caused by other/external causes. For noninfant sibling deaths (n = 4,169), 12% were caused by suicides, 37% by other external causes (excluding suicide), 18% by cancer, 4% by CVD, and 28% by other diseases. For infant sibling deaths (n = 3,956), 12% were caused by sudden infant death syndrome, 37% by congenital malformations, 2.5% by immaturity, and 49% by other causes. Individuals who experienced the death of a sibling were more likely to have more than 2 siblings, but with regard to other sociodemographic characteristics and psychosocial covariates in parents, only small differences between the bereaved and nonbereaved groups were seen (Table 1) .
During follow-up, until ages 31-40 years, 1.75% of the men and 0.78% of the women with experienced loss of a sibling during childhood died compared with 1.11% of men and 0.53% of women who did not experience sibling death (Table 2 ). Mean length of time that passed between the death of the sibling and the death of the index person was 19.1 years. Overall, 56% (n = 3,372) of all deaths among the index persons were natural caused deaths (29% cancer, 11% CVD, and 60% other diseases) and 44% (n = 2,628) were caused by external factors (60% suicides and 40% deaths caused by other external causes).
The hazard ratio for all-cause mortality for bereaved versus nonbereaved individuals was 1.39 (95% confidence interval (CI): 1.10, 1.75) in men and 1.40 (95% CI: 0.97, 2.01) in women after adjustment for sociodemographic factors and parental psychosocial covariates. Losing a noninfant sibling (>1 year of age) was associated with a higher hazard ratio (HR = 1.53, 95% CI: 1.18, 1.98) than was losing an infant sibling (HR = 1.23, 95% CI: 0.91, 1.67), although further tests showed that the difference was not statistically significant. The mortality risk was more pronounced for those who lost a sibling during adolescence (HR = 1.71, 95% CI: 1.24, 2.35) than for those who lost a sibling when they were preschool age or early school age (Table 3) . A higher hazard ratio for all-cause mortality was seen for bereaved individuals with 1 sibling than for those with more than 1 sibling. However, in fully adjusted models (adjusted for sociodemographic and parental psychosocial covariates), this difference was attenuated and statistically not significant (for bereaved individuals with 1 sibling, HR = 1.50, 95% CI: 0.94, 2.38; for bereaved individuals with more than sibling, HR = 1.37, 95% CI: 1.10, 1.70; P > 0.05). Similar results were seen when these analyses were restricted to noninfant deaths. Table 4 demonstrates hazard ratios for all-cause mortality and mortality from natural and external causes of death in relation to sibling deaths during childhood. Having experienced the death of a sibling during childhood was associated with a higher risk of death from natural causes (HR = 1.57, 95% CI: 1.22, 2.02), whereas there was a nonsignificant higher risk of death from external causes (HR = 1.18, 95% CI: 0.86, 1.62) after adjustment for sociodemographic factors and parental psychosocial covariates. When separately analyzing the associations of adult mortality with natural deaths of siblings and sibling deaths from external causes, there was concordance between causes of death among siblings. When a sibling died of a natural cause, the risk of mortality from a natural cause in the surviving sibling was 1.85 (95% CI: 1.40, 2.43). When the sibling died of an external cause, the risk of mortality from an external cause in the surviving sibling 1.73 (95% CI: 1.08, 2.75). In sensitivity analyses from which infant deaths were excluded, the hazard ratio for the association between an index person's death from natural causes and that of a sibling was 2.66 (95% CI: 1.82, 3.88), whereas results for the association between an index person's death from external causes and that of a sibling were unchanged (results not shown). For discordant major causes of death, having experienced the death of a sibling was not associated with an increased mortality risk (Table 4) .
Additionally, we performed more detailed analyses on more specific causes of death after loss of an infant sibling (i.e., deaths from sudden infant death syndrome, congenital malformations, immaturity, and other causes) and a noninfant sibling (i.e., deaths from cancer, CVD, other diseases, suicides, and nonsuicides). The analyses suggested that sibling loss due to cancer, suicide, other diseases, and other external causes (excluding suicide) was associated with concordant causes of death among bereaved siblings. However, a sibling's suicide was also associated with death from cancer among the bereaved, and the risk of dying from other diseases was higher among those who lost a sibling Abbreviations: CI, confidence interval; HR, hazard ratio. a Adjusted for year of birth and sex. b Adjusted for year of birth, sex, number of siblings, birth order, geographic residency, parental country of birth, parent's highest educational level, and whether the child lived with both parents at age 17 years.
c Adjusted for the variables in model 2 and parental psychiatric disorders, substance abuse, severe criminality, and receipt of social welfare.
due to CVD. However, the analyses suffered from low statistical power, and the results should be carefully interpreted (results not shown).
DISCUSSION
In the present large-scale follow-up study based on data from Swedish population registers, we found that the death of a sibling in childhood was associated with an overall higher risk of death in surviving siblings and that the association was dependent on the age of the bereaved survivor at the time of the loss, as well as the cause of sibling's death. Excess mortality risk was found for concordant causes of death (i.e., siblings dying from the same underlying cause) but not for discordant causes.
The fact that we found a higher risk of death in the surviving sibling only for broadly concordant causes of death (natural vs. external causes) and no association when the siblings died of discordant causes implies that we cannot exclude the possibility that the deaths of 2 or more siblings within the same family shared a common prior cause, such as genetic similarity or shared childhood environmental and living conditions. However, adjustment for multiple potential variables related to childhood social environment, including parental psychosocial covariates in childhood, only marginally attenuated the associations, which indicates that confounding is somewhat less likely, at least for death from external causes. Yet, because of limited statistical power, we have to be careful when making interpretations from results on cause-specific mortality. Studying causes of death (external vs. natural) in deceased and bereaved siblings does not permit inferences regarding familial or genetic sources of confounding, although it indicates that such a possibility exists and should be further studied.
The overall excess mortality risk after sibling deaths diverges from that of a previous study within the field (22) and may reflect grief processes within the families if associations are causal. The death of a sibling and the attendant grief process may have a significant impact on the individual when it involves the loss of a companion and source of emotional support. Parents who lose a child might become preoccupied and absorbed with their own grief and posttraumatic reactions. Under such circumstances, they may be unprepared to respond to the needs of the remaining children (11) . The fact that the social support system primarily focuses on the bereaved parents may leave remaining siblings unsupported in their grief process (7, 11) . Such adverse social circumstances might continue to have health consequences for bereaved siblings up to adulthood. It has also been suggested that losing a child produces strain in family relationships, which are occasionally serious enough to result in parental separation (27, 28) . Because previous research has found that divorce is detrimental to the health and wellbeing of children in the family, parental divorce may be considered an "indirect" adverse consequence of being exposed to sibling loss. Accordingly, our results suggested that living with both parents at age 17 years did somewhat attenuate the associations.
Losing a sibling in adolescence (12-17 years) had the strongest association with mortality in young adulthood among both men and women. Provided that the association is causal, it can be interpreted within a life course framework that suggests there may be sensitive periods in which individuals are particularly vulnerable to psychosocial adversity. Theories have suggested that both the timing and sequence of adverse events influence the effects on the subsequent life course (29) . Adolescence could be considered a "sensitive" period for the loss of a sibling for several reasons and may continue to influence health over the life span (30) . Because there is little expectation of the death of a sibling at these ages, it may involve high immediate stress levels, strong feelings of grief, greater difficulty in accepting the death, and fewer available coping strategies (31, 32) . Furthermore, adolescent siblings may have developed a stronger social relationships with their deceased siblings, which may lead to a more severe grief process and thereby continue to influence health in young adulthood. Having more than 1 sibling could Abbreviations: CI, confidence interval; HR, hazard ratio. a Estimates were adjusted for year of birth, sex, number of siblings, birth order, geographic residency, parental country of birth, parent's highest educational level, whether the child lived with both parents at age 17 years, and parental psychiatric disorders, substance abuse, severe criminality, and receipt of social welfare.
therefore buffer the consequences of grief. In accordance, we found higher hazard ratios for all-cause mortality among individuals with 1 sibling compared with individuals with 2 or more siblings in our sensitivity tests; however, in fully adjusted models, this difference was statistically not significant.
Despite the obvious strengths of this study, such as the use of total population register data, longitudinal follow-up, and reliable information on mortality and covariates, some limitations should be noted. More detailed individual information is required to uncover the actual causal mechanisms that link siblings' mortality risks. Such information could also minimize the possibility of bias from omitted variables. Ideally, one would have access to genetic data, detailed information on diseases from medical records, more information on shared childhood social environment and family characteristics, and detailed data on personal and relational characteristics, which are unfortunately not included in the registers. Another shortcoming is the lack of indicators on the quality of the relationships and frequency of contact between siblings, which might relate to the risk for adverse health outcomes.
If there is a causal association between the loss of a sibling and mortality in bereaved siblings, the health-care system needs to attend to broader collateral health effects when dealing with terminally ill patients and their families (33) . Most attention has focused on effects of the death of a spouse or parent on surviving family members, whereas siblings can be considered "forgotten grievers." Our findings illustrate that experiencing a the death of a sibling in childhood can have adverse longer-term health consequences that extend into young adulthood. A caring and emotional attitude displayed by health-care professionals can have positive consequences on recovery from grief among family members (34) and should be of significance also for bereaved siblings. It seems important that psychological support is provided not merely for parents but also for siblings during end-of-life care, as well as after the death of a child within the family. It may be especially important that healthcare professionals acknowledge bereaved siblings when considering that they are often insufficiently acknowledged by the parents and the informal social support system (7, 11) . Our findings also conform to the view that it is important for health-care workers to support bereaved siblings over time and long term (35) . Yet, more research is required on the specific types of efforts that are needed in order to support bereaved siblings. An especially important task for future research is to establish the relative importance of underlying mechanisms that link sibling deaths and death in bereaved siblings, such as higher depression rates, deterioration of health behaviors, and onset of stress mechanisms. Another important task is to develop methods of getting closer to causal inference. However, testing mechanisms and developing causal analyses requires data materials with much more detailed longitudinal information on bereaved siblings than was available here.
